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Introduct ion 


Investigation  of  the  scattering  by  a  slot  in  a  multimode 

WAVEGUIDE  REQUIRED  THE  DEVELOPMENT  OF  A  SPECIALIZED  MICRO- 
WAVE  BRIDGE1  FOR  TAKING  EXPERIMENTAL  DATA.  THE  REQUIREMENT 
FOR  A  BETTER  MODE  TRANSDUCER  FOR  USE  IN  THIS  BRIDGE 
INITIATED  THE  PROJECT  DESCRIBED  IN  THIS  PAPER. 

When  two  or  more  modes  may  propagate  in  the  same  wave¬ 
guide  »  IT  IS  NOT  EASY  to  DETERMINE  BY  MEASUREMENT  THE 
AMPLITUDE  AND  PHASE  OF  EACH.  THE  DIFFICULTIES  ARE  MAINLY 
PRACTICAL  ONES,  WHICH  WOULD  NOT  ARISE  IF  THE  EXPERIMENTER 
HAD  AT  HIS  DISPOSAL  INFINITESIMAL  PROBES  THAT  COULD  BE 
MOVED  ABOUT  WITHIN  THE  GUIDE  AT  WILL  WITHOUT  DISTURBING 
THE  EXISTING  FIELDS. 

The  slotted-line  technique  is  not  applicable  for  it 
is  impossible  to  cut  a  slot  in  the  MULTIMODE  GUIDE  that 
WILL  BE  EVERYWHERE  PARALLEL  TO  THE  LINES  OF  CURRENT  FLOW 
IN  EACH  OF  THE  TWO  MODES  AND  WILL  THEREFORE  SERIOUSLY 
DISTURB  THE  FIELD  OF  NEITHER. 

The  METHOD  OF  MEASURING  THE  FIELDS  IN  THE  MULTIMODE 
WAVEGUIDE  THAT  WAS  ADOPTED  CONSISTED  OF  FIRST  TRANSFORM¬ 
ING  THE  POWER  IN  THE  T  E  2  0  MOOE  FROM  THE  MULTIMODE  WAVEGUIDE 
TO  TE10  IN  SINGLE  MODE  GUIDE  AND  SIMILARLY  TRANSFORMING 
THE  TE10  POWER  IN  THE  MULTIMODE  GUIDE  TO  TEjq  IN  ANOTHER 
SINGLE  MODE  GUIDE.  THE  PHASE  AND  AMPLITUDE  OF  THE  FIELDS 

^Capt.  Ralph  L.  Lary,  USiMC,  A  Microwave  Bridge  for  the 
Accurate  Measurement  of  Scattering  Matrices  Generated  by 
Obstacles  in  Multimode  Waveguide,  U.S.N.P.S.  Thesis,  1862 
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PROPAGATING  IN  THE  SINGLE  MODE  WAVEGUIDES  CAN  NOW  BE 
MEASURED  AND  SERVE  TO  INDICATE  THE  FIELDS  EXISTING  IN  THE 
MULTIMODE  WAVEGUIDE.  THE  DEVICE  USED  TO  AFFECT  THIS 
TRANSORMAT  I  ON  IS  A  MODE  TRANSDUCER. 

Single  mode  waveguide 

TERMINAL  COUPLING  INTO 
TE2q  MODE 


TE20  mode  In  the 

MULTIMODE 
TE10  MODE  WAVEGUIDE 

Single  mode  waveguide 

TERMINAL  COUPLING  INTO 

TEj^q  MODE 

Figure  1 

An  IDEAL  MODE  TRANSDUCER  WILL  BE  DEFINED  TO  HAVE  THE 
FOLLOWING  PROPERTIES: 

A.  IT  SHOULD  PRESENT  a  PERFECT  MATCH  TO  POWER  ENTER¬ 
ING  EITHER  OF  THE  SINGLE  MODE  PORTS  WHEN  THE  MULTIMODE 
PORT  IS  TERMINATED  IN  A  MULTIMODE  MATCHED  LOAD  (MATCHED 
FOR  BOTH  MODES).  ALSO  THERE  SHOULD  BE  NO  REFLECTION  OF 
EITHER  THE  TE10  0R  THE  TE2q  ENERGY  ENTERING  THE  MULTIMODE 
PORT  WHEN  THE  SINGLE  MODE  PORTS  ARE  TERMINATED  IN  MATCHED 
LOADS. 

b.  There  should  be  no  coupling  between  modes.  TE10 

ENTERING  THE  MULTIMODE  PORT  SHOULD  NOT  BE  REFLECTED  AS 
TE2o  OUT  OF  THE  MULTIMODE  PORT  OR  TRANSMITTED  THROUGH  THE 
TE20  SINGLE  MODE  PORT.  TE2q  ENTERING  THE  MULTIMODE  PORT 


2 


SHOULD  NOT  BE  REFLECTED  AS  T  E  J  q  °UT  OF  THE  MULTIMODE  PORT 


OR  TRANSMITTED  THROUGH 

THE  TE10  SINGLE  MODE  PORT.  SIMILARLY 

ENERGY  ENTERING  EITHER 

OF  THE  SINGLE  MODE  PORTS  SHOULD  BE 

CONVERTED  ENTIRELY  TO  THE  DESIRED  MODE  !N  THE  MULTIMODE 

WAVEGUIDE. 

THE  PERFORMANCE  OF  A  MICROWAVE  MODE  TRANSDUCER  CAN  BE 
SPECIFIED  BY  THE  DEGREE  TO  WHICH  THESE  TWO  PARAMETERS, 

MATCH  AND  ISOLATION,  ARE  OBTAINED. 
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2  .  Representation  of  a  Mode  Transducer  by  the  Scattering 
Matrix 

A  MODE  TRANSDUCER  CAN  BE  VIEWED  AS  A  JUNCTION  OF  FOUR 
WAVEGUIDES.  TWO  OF  THE  JUNCTIONS  ARE  THE  SINGLE  MODE 
WAVEGUIDE  PORTS  AND  THE  OTHER  TWO  PORTS  REPRESENT  THE  TWO 
PROPAGATING  MODES  POSSIBLE  IN  THE  MULTIMODE  WAVEGUIDE. 

Figure  2  depicts  the  mode  transducer  as  a  junction  of  four 

WAVEGUIDES  WITH  ONLY  ONE  MODE  PROPAGATING  IN  EACH  ARM. 


Figure  2 

Terminal  number  one  represents  the  single  mode  wave¬ 
guide  PORT  THAT  COUPLES  INTO  THE  TEgO  MODE  IN  THE  MULTIMODE 
WAVEGUIDE. 

Terminal  number  two  represents  the  T  E  2  o  mode  in  the 

MULTIMODE  GUIDE. 

Terminal  number  three  represents  the  single  mode  wave¬ 
guide  PORT  THAT  COUPLES  INTO  THE  TE^g  MODE  IN  THE  MULTIMODE 
GUIDE. 

Terminal  number  four  represents  the  TE10  mode  in  the 

MULT  I  MODE  GU 1  OE . 
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A  COMP  Li  ft  DtSCRIPI  lOh  Of  THE  FIELDS  WITHIN  THE  DIS¬ 
CONTINUITY  REGION  Of  THE  JUNCTION,  J,  WOULD  REQUIRE,  IN 
ADDITION  TO  THE  DOMINANT  PROPAGATING  MODES,  AN  INFINITY 
OF  NON- PROPAGAT I NG  MODES,  THIS  COMPLICATION  IN  THE  FIELD 
DESCRIPTION  THAT  EXISTS  AT  THE  JUNCTION  CAN  BE  AVOIDED  BY 

LOOKING  ONLY  AT  THE  DOMINANT  MODES  AT  TERMINAL  PLANES  T  ^ 
THROUGH  T  4  LOCATEO  SUFFICIENTLY  DISTANT  FROM  THE  JUNCTION 

SO  THAT  THE  N 0 N - P R 0 P A G A T I N G  HIGHER-ORDER  MODES  HAVE  VANISH¬ 
ED.  In  THE  SCATTERING  TYPE  OF  REPRESENTATION  THE  FIELDS 

ARE  DESCRIBED  BY  THE  AMPLITUDES  OF  THE  INCIDENT  AND 
REFLECTED  WAVES  AT  EACH  OF  THE  TERMINAL  PLANES.  FOR  A  TE 

MODE  THE  FIELDS  AT  THE  TERMINAL  PLANE  Tj  (Z=Zj)  ARE  GIVEN 
B Y : /!/ 


H  (x,  Y,  £,)  ~  Aj  ■*"  B,£; 

Hi  (X,y,Zj)  =  & J  Hj  +  B,  H 

WHERE  £-  t  AND  ARE  VECTOR  MODE  FUNCTIONS  CHARACTERISTIC 

OF  THE  TRANSVERSE  FORM  OF  THE  DESIRED  MODE  IN  THE  JTH  GUIDE 

For  TEmn  mooes  in  rectangular  guide:/2/ 

+  Ey  %  )  e*wt 

y  =  Ox  l  +  Hy  ?y  -  H,  ?*)  C 

where: 


i  oo  p  Kv 

f  cos  x  S/A/  Xy  y 
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Ey  - 


H,  = 


H  s,  - 


- 

l 


SIN  Kx  X  Coi  Ky  Y 


tv\  Kx 

C*  Kf 


SINKkK  COS  Ky  y 


}§rk  cosKxA  siNKyy 
cos  Kx  x  cos  ky  y 


'vv\  f*\ 


k. 


r^n r 


Ky- 


a  • '/  b 

The  plus  and  minus  superscript  indicate  plus  and  minus 

TRAVELING  WAVES.  Aj  AND  8j  ARE,  RESPECTIVELY,  THE  COMPLEX 
AMPLITUDES  or  THE  ELECTRIC  FIELD  IN  THE  INCIDENT  AND 
REFLECTED  WAVE  COMPONENTS  OF  THE  DESIRED  MODE  FIELD  AT 


TERMINAL  Tj.  Si NCE^ 


AND 


V, 


ARE  BASIS  VECTORS,  ANY 


SOLUTION  TO  THE  FIELD  EQUATIONS  IN  RECTANGULAR  GUIDE  MAY 
BE  REPRESENTED  BY  SUITABLE  FOURIER  METHODS. 

The  FUNDAMENTAL  EXISTENCE  THEOREM  /l/  APPLICABLE  TO 
THE  SCATTERING  FORMULATION  OF  A  FIELD  PROBLEM  STATES  THAT 

THE  AMPLITUDES  OF  THE  SCATTERED  WAVES  AT  THE  VARIOUS 

TERMINALS  ARE  UNIQUELY  RELATED  TO  THE  AMPLITUDES  OF  THE 
INCIDENT  WAVES  THEREON.  IN  THE  CASE  OF  LINEAR  OBSTACLES, 

THE  AMPLITUDES  OF  THE  REFLECTED  WAVES  SET  UP  AT  THE  TERMINAL 
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PLANES 


T  j  BY  A  SINGLE 


INCIDENT  WAVE  Aj  AT  Tl9  OR 


AT  T2. 

0  0  09 

e  T  c  .  s  are: 

B  l  = 

SnAi 

B 1  -  Si2A2 

B  l  s 

Bl  ja  j 

B2  = 

• 

S21A1 

B  2  =  B22A2 

0 

B  2  = 

0 

B24  A  J 

• 

B  j  = 

Bjl  A1 

0 

BJ  -  B j  2a2 

0 

Bj  = 

B  j  j  Aj 

By  superposition  the  amplitudes  of  the  scattered  waves 

RESULTING  FROM  THE  SIMULTANEOUS  INCIDENCE  OF  WAVES  OF 
AMPLITUDES  A1#  .  .  .  Aj  ARES 

B  i  =  S^Aj  4  S12a2  •  •  -t  ^>1  jA  j 
B 2  ■  S21 A1 +  S22A2  .  •  *  S2jAj 


bj  =  SJlAl  ■+  B j 2 a2 


“>■  SJJAJ 


WHERE  THE  SCATTERING  COEFFICIENT  SJK  IS  A  MEASURE  OF  THE 
AMPLITUDE  AND  PHASE  OF  THE  WAVE  SCATTERED  INTO  THE  JTH 
GUIDE  BY  A  WAVE  OF  UNIT  AMPLITUDE  INCIDENT  INTO  THE  KTH 

guide.  Note  therefore  that  Sjj  represents  the  reflection 

COEFFICIENT  AT  THE  TERMINAL  T  j  WHEN  ALL  OTHER  TERMINALS  ARE 
MATCHED.  IN  MATRIX  FORM  THE  SCATTERING  PROPERTIES  OF  A 
WAVEGUIDE  STRUCTURE  ARE  EXPRESSED  BY  THE  ARRAY  OF 
COEFFICIENTS  CALLED  THE  SCATTERING  MATRIX. 
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It  CAN  BE  SHOWN  / 1  /  THAT  THE  SCATTERING  MATRIX  8S  SYMMET¬ 
RICAL  AND  TOR  NON-DISSIPATIVE  STRUCTURES  I T  IS  UNITARY, 

This  mean  s  that : 

^  J  K  "  ^  K  J 


AND 


N 


v(  ~  l 


s*  s 

os  crv\  ^o^rv\ 


C 

O  Onf\  m 


1  (  F  rmr) 

O  I  p  rr*\  9^  ^ 


For  a  four  terminal  junction  it  has  been  shown  by 

W.  Ho  KUMMER  / 3/  THAT  THE  FOLLOWING  RELATIONS  HOLD: 

S13  =  S14  -  s23  =  S2a»  S12  si-  Sj!,  Sn  s  S22« 

Applying  these  relationships  and  the  reciprocity  relations 

to  THE  SCATTERING  MATRIX  FOR  A  FOUR  TERMINAL  MODE  TRANS¬ 
DUCER  IT  CAN  BE  SEEN  THAT  ONLY  THREE  SCATTERING  COEFFICIENTS 
ARE  REQUIRED  TO  COMPLETELY  SPECIFY  THE  SCATTERING  MATRIX, 

■  S22 

-  S44 

-  S31  -  S14  =  S41  =  S2  3  =  S32  =  S24  -  S42 

=  1  "  S11  ”  S21 

=  !  -  S33  -  $43 
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The  scattering 
would  be : 


S12 

S 

S21 

* 

534 

S11 

r 

S13 

- 

S14 

S22 

= 

S23 

= 

S24 

S31 

= 

S32 

S33 

S41 

S42 

S44 

The 

SCATTER  II  NG 

b  e  : 


COEFf  ICIEfvTS  OF  AN 

-  $43  s  1 

=  0 
.  0 

=  0 
s  0 

MATRIX  or  AN  IDEAL 

10  0 
0  0  0 

0  0  1 

0  10 


IDEAL  MODE  TRANSDUCER 


MODE  TRANSDUCER  WOULD 
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3.  Design  or  rut  Moot  Transducer 

The  transition  from  the  T  £  j  q  mode  in  the  multimode  guide 

TO  THE  TE^Q  MODE  SINGLE  MODE  GUIDE  IS  A  RELATIVELY  SIMPLE 

matter.  Since  the  field  configuration  is  the  same  in  both 

GUIDES  THE  PROBLEM  IS  ALMOST  EQUIVALENT  TO  THAT  OF  PROVID¬ 
ING  A  REFLECTIONLESS  JUNCTION  BETWEEN  TWO  TRANSMISSION  LINES 
OF  DIFFERENT  CHARACTERISTIC  IMPEDANCE.  A  QUARTER  WAVE 
MATCHING  SECTION  IS  A  COMMON  METHOD  OF  PROVIDING  A  REFLEC¬ 
TIONLESS  JUNCTION  BUT  IT  HAS  THE  DISADVANTAGE  OF  BEING 
FREQUENCY  SENSITIVE.  IN  ORDER  TO  ALLOW  OPERATION  OVER  A 
BROAD  BAND  OF  FREQUENCIES  THE  IMPEDANCE  TRANSFORMATION  WAS 
MADE  BY  MEANS  OF  AN  INTERMEDIATE  SECTION  IN  WHICH  A  GRADUAL 
CHANGE  FROM  THE  DIMENSIONS  OF  ONE  GUIDE  TO  THOSE  OF  THE 
OTHER  TAKES  PLACE  (SEE  FIGURE  3).  PROVIDED  THIS  TAPEREO 
SECTION  IS  AT  LEAST  A  FEW  WAVELENGTHS  LONG  THERE  WILL  BE 
VERY  LITTLE  REFLECTION  OVER  A  WIDE  FREQUENCY  BAND.  SINCE 
THE  DIMENSIONS  OF  THE  SINGLE  MODE  GUIDE  ARE  SUCH  THAT  THE 
TE20  MODE  CANNOT  PROPAGATE  FREELY*  ANY  TE2Q  ENERGY  INCIDENT 
WILL  SEE  A  REACTIVE  TERMINATION  AND  WILL  BE  ATTENUATED 
RAPIDLY  IN  THE  SINGLE  MODE  GUIDE. 


Figure  3 
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The  transition  from  f  1 2  q  ®N  *  mode:  guide  to  TE10 

IN  SINGLE  MODE  GUIDE  CAN  BE  ACCOMPLISHED  IN  VARIOUS  WAVS  /  2  /  . 

The  method  used  was  chosen  because  "mode  purity " »  that  is, 

THE  FREEDOM  OF  EXCITATION  OF  THE  UNDESlRED  T  £  ^  Q  MODE, 

DEPENDS  ON  PHYSICAL  SYMMETRY  ONLY,  AND  IS,  IDEALLY,  NOT  A 
FUNCTION  OF  FREQUENCY.  FIGURE  4  SHOWS  HOW  THIS  WAS 
ACCOMPLISHED.  THE  SEPTUM  AT  A  DIVIDES  THE  FIELDS  MIDWAY 
ACROSS  THE  MULTIMODE  GUIDE  AND  THEY  PROPAGATE  AS  T  E  ^  q  ,n 
ARMS  B  AND  C.  As  SHOWN  BY  THE  E  FIELD  VECTORS,  TE2O 
INCIDENT  UPON  THE  JUNCTION  BECOMES  TE^q  WITH  IDENTICAL 
AMPLITUDES  IN  EACH  ARM  BUT  180°  OUT  OF  PHASE.  THE  90° 

TWISTS,  CLOCKWISE  IN  ONE  ARM  AND  COUNTERCLOCKWISE  IN  THE 
OTHER,  GIVE  A  NET  180°  ROTATION  BETWEEN  THE  TWO  ARMS  BRING¬ 
ING  THE  E  FIELDS  BACK  IN  PHASE  AT  JUNCTION  0  WHERE  THEY  ADD 
AND  EMERGE  AT  E  AS  A  T E ^ q  e • E L 0  «N  SINGLE  MODE  WAVEGUIDE. 

Most  of  the  TEio  incident  at  the  multimode  port  is  shorted 

by  THE  SEPTUM  AT  A  BUT  THE  REMAINDER  BECOMES  TElO  BUT  WITH 
THE  SAME  PHASE  IN  EACH  ARM.  AFTER  BEING  ROTATED  AT  B  AND  C 
THE  NET  RESULT  IS  A  180°  PHASE  DIFFERENCE  BETWEEN  THE 
FIELDS  ANO  COMPLETE  CANCELLATION  AT  THE  JUNCTION  D»  IF 
THE  CROSS  SECTION  OF  THE  GUIDE  IS  CHANGED  SLOWLY  AND 
UNIFORMLY  OVER  A  DISTANCE  OF  SEVERAL  WAVE  LENGTHS  THE 
TE20  INCIDENT  AT  THE  MULTIMODE  PORT  WILL  BE  TRANSFORMED 
INTO  TElO  IN  THE  SINGLE  MODE  GUIDE  WITH  LITTLE  REFLECTION. 

The  DEGREE  OF  MODE  PURITY  THAT  CAN  BE  OBTAINED  DEPENDS 
UPON  HOW  CLOSELY  THE  ELECTRICAL  LENGTHS  OF  THE  TWO  ARMS 
CAN  BE  MATCHED  AND  HOW  ACCURATELY  THE  FIELDS  SPLIT  AT 
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JUNCTION  D 


If  r  h  8  s  transducer  could  be  constructed  with 


MIRROR 

BETWEEN 

FURTHER 


SYMMETRY  ABOUT  THE  CENTER  LINE  COMPLETE  I  SOLA  T  8  ON 

THE  T  £  1 0  Ar*D  T  £  2  0  modes  would  be  obtained  and, 

,  THIS  I  SOL  AT  8  ON  WOULD  BE  FREQUENCE  INDEPENDENT. 
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4.  CONSTRUCTION  Of  THE  MODE  TRANSDUCER 

The  design  principles  just  described  were  applied  to 

THE  CONSTRUCTION  OF  A  TRANSDUCER  FOR  SEPARATING  THE  TE2O 
AND  T  E  1  q  IN  MULTIMODE  GUIDE  AND  TRANSFORMING  THEM  TO  SINGLE 
MODE  GUIDE.  SlNCE  BOTH  OF  THE  METHODS  USED  TO  TRANSFORM 
THE  FIELDS  REQUIRED  ACCESS  TO  THE  FULL  WIDTH  OF  THE  MULTI” 
MODE  GUIDEs  ANOTHER  SEPTUM  WAS  INTRODUCED  SPLITTING  THE 
NARROW  DIMENSION  OF  THE  GUIDE*  AND  CONSEQUENTLY  DIVIDING 
THE  E  FIELD  EQUALLY  ABOVE  AND  BELOW  THE  SEPTUM  (FIGURE  5). 


Figure  5 


The  lower  section  of  the  guide  tapered  uniformly  into  a 

CROSS  SECTION  OF  SINGLE  MODE  DIMENSIONS  THEREBY  FORMING  THE 

T£10  port.  The  upper  section  of  the  multimode  guide  was 
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B  I  FURC  AT  t  D  AND  T  Hi.  CROSS  SECT  HONS  OK  EACH  ARM  TAPERED  TO 
CONFORM  TO  THE  DIMENSIONS  OF  X  BAND  SINGLE  MODE  GUIDE. 

At  these  points  two  pieces  or  waveguide,  with  opposite 
90°  TWISTS,  WERE  ATTACHED.  AFTER  THE  TWISTS  THE  GUIDES 
CAME  TOGETHER  AGAIN  IN  A  TAPERED  E  PLANE  Y  JUNCTION  THAT 
ENDED  IN  A  STANDARD  X  BAND  WAVEGUIDE  FLANGE  FORMING  THE 

T  E  2  o  port.  At  the  E  plane  Y  junction  a  bendable  septum 

EXTENDING  INTO  THE  COMMON  ARM  WAS  PROVIDED  TO  ALLOW  FOR 
ADJUSTING  THE  DIVISION  OF  THE  E  FIELD  AT  THAT  POINT. 

Details  of  the  construction  cam  be  seen  in  Figures  6,  7, 

and  8.  The  three  pieces  in  Figure  6  were  milled  out  of 
brass  stock.  The  twists  in  Figure  7  were  fabricated  from 

STANDARD  RG58  X  BAND  WAVEGUICE  AND  THE  Y  JUNCTION  WAS 
MADE  BY  SANDWICHING  TOGETHER  TWO  BEVELED  SECTIONS  OF  WAVE¬ 
GUICE  AND  A  SHEET  BRASS  SEPTUM. 
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Junction  with  twisted 


t 


TE10  SINGLE  MODE  PORT 


Figure  6 


16 


Flange  Bolts  to  Brass 
Block  in  Figure  6. 
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Figure  8 
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5  ,  M  £  A  S  U  K  »  N  u  THE  C  H  A  F.  A  C  T  E  H  I  S  «  I  C  S  Of  THE  M  0  0  E  T  RANSOUCEP 
A  R  A  T  I  C  B  K  t  BOt  WAS  ADAPTED,  AS  SHOWN  I  K  FIGURE  9,  TO 
MEASURE  THE  0  .  K  AT  THE  T  F  2  0  AN0  ^10  SINGLE  MODE  PORTS  AND 
ALSO  TO  MEASURE  THE  ISOLATION  BETWEEN  THEM,  THIS  DATA 
COULD  THEN  BE  USED  TO  FIND  THE  AMPLITUDES  OF  THE  SCATTER¬ 
ING  COEFFICIENTS.  (DETAILS  OF  THE  MEASUREMENT  BRIDGE  ARE 

covered  in  Footnote  i  „  )  With  approximately  two  watts 

AVAILABLE  FROM  THE  KLYSTRON  AMPLIFIER  THE  MAXIMUM  SENSITIV¬ 
ITY  ALLOWED  MEASURING  POWER  RATIOS  UP  TO  70  D  B  , 

When  the  isolation  between  modes  was  first  measured  it 
WAS  FOUND  TO  BE  ON  THE  ORDER  OF  20  0  8,  T  H  8  S  WAS  CO  N  SIDE  FI  - 

ABLY  WORSE  THAN  THE  EXISTING  MODE  TRANSDUCERS  THAT  WERE  IN 
USE  AND  WHICH  HAD  AN  ISOLATION  OF  ABOUT  45  DB,  ADJUSTMENT 
OF  THE  SEPTUM  AT  THE  Y  JUNCTION  IMPROVED  ISOLATION  SOME¬ 
WHAT  BUT  THE  MAIN  CAUSE  OF  THE  CROSS-COUPLING  BETWEEN  MODES 
WAS  THE  DIFFERENCE  IN  ELECTRICAL  LENGTHS  OF  THE  TWISTED 
WAVEGUIDE  SECTIONS,  In  ORDER  TO  DETERMINE  THE  POTENTIAL 
MODE  SEPARATION  POSSIBLE  WITH  THIS  TYPE  OF  MODE  TRANSDUCER 
WITHOUT  REQUIRING  THE  MACHINE  SHOP  TO  BUILD  AN  i£ £ N 1 £ £ A t* LX 
SYMMETRICAL  DEVICE,  ONE  OF  THE  TWISTED  SECTIONS  WAS  TUNED 
TO  THE  SAME  ELECTRICAL  LENGTH  AS  THE  OTHER  BY  SQUEEZING  THE 
BROAD  FACES  OF  THE  WAVEGUIDE  TOGETHER  SLIGHTLY.  THIS 
ADJUSTMENT  IN  CONJUNCTION  WITH  THE  SEPTUM  ADJUSTMENT  REDUCED 
THE  CROSS- COUP  LING  BETWEEN  MOOES  TO  AN  IMMEASURABLE  AMOUNT. 

Although  excellent  isolation  was  obtained  at  the  frequency 
AT  WHICH  THE  ADJUSTMENTS  WERE  MADE  (9.275  KMC)  THE  BANO" 


1  9 


WIDTH  WAS  KtDUv.  LO  t  c  C  A  U  L  THE  r’HASt  VS,  FRtOOtNCY 

CHAftACTERl  ST  ICS  OF  THE  TWISUD  SECT  (IONS  WERE  NOW  QU  8  t  E 

DIFFERENT. 

THE  REFLECTED  POWER  AT  THE  T  E  l  Q  AN0  ^20  Sl NGL£  MODE 


PORTS  CORRESPONDING  TO  5 
Figure  1 0  „  The  coupling 


3  3  A  N  D 

BETWEEN 


j^llj  AHE  SHOWN  BN  D  e  IN 
THE  TE10  AND  TE20  SINGLE 


MODE  PORTS 

Figures  12 
TRANSDUCER 

TERMINATED 

MENTS. 


CORRESPONDING  TO  S  £  3  8  -  SHOWN  UN  F  IGURE  110 

AND  13  SHOW  THE  S  W  R  AND  ISOLATION  FOR  THE  MODE 

PREVIOUSLY  EMPLOYED.  THE  MULTIMODE  PORT  WAS 
WITH  A  MULTIMODE  MATCHED  LOAD  FOR  ALL  MEASURE" 
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Figure  9 
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D  8 


11 

10 

9 

8- 

7- 

6 

5 

4. 

3- 

2 


1- 

0  - 

8 . 5 


9'oO 


9  o  5 


10  •  0 


10.5  KMC 


RerLECrED  power  at  T  E  t  q  single  mode  port 

IN  08  BELOW  INCIDENT  POWER  VS.  FREQUENCY 


Reflected  po^er  at  T  E  2  o  single  mode  port 

IN  D  8  BELOW  INCIDENT  POWER  VS.  FREQUENCY 


Figure  10 
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Isolation  between  TC^q  and  TE2o  stNGLE 

MODE  WAVEGUIDE  PORTS  VS.  FREQUENCY 


F I GURE  11 
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^  Note  c  h  a  h  <j  t  or  scale 


O  B 


REFLECTED  POWER  AT  IF.  ^  Q  SI  NGLE  MODE  PORT 
IN  OB  BELOW  INCIDENT  POWER  VS.  FREQUENCY 


0  8 


KMC 


Reflected  power  at  T  E  2  o  single  mode  port 

IN  D  8  BELOW  INCIDENT  POWER  VS.  FREQUENCY. 


Figure  12 
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10'.  5  KMC 


. ■  "  - . - T"--  1  1 

9.0  9.5 

ISOLATION  BETWEEN  T  E  ^  Q  A  N  D  ^^20  S  1 
MODE  WAVEGUIDE  PORTS  VS.  FREQUENCY 


Figure  i 3 


ii .  o 

NGLE 
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6 


Recommended  Mooificai I .NS 


r  o  Improve  Performance 


The  primary  cause  or  the  much  S W R  i s  the  reactive  load 
SEEM  BY  (a)  THE  T  E  2  Q  MODE  INCIDENT  UPON  THE  PORTION  OF  THE 
TRANSDUCE  Fi  DESIGNED  TO  COUPLE  OUT  THE  T  E  1  Q  »  AND  (  9  )  THE 
T  E  ^  Q  INCIDENT  UPON  THE  PORTION  OF  THE  TRANSDUCER  DESIGNED 
TO  COUPLE  OUT  THE  T  E  2  0  •  THIS  PROBLEM  CAN  BE  REDUCED  BY 
EXTENDING  THE  SEPTUM  DIVIDING  THE  MULTIMODE  GUIDE  AND 
INTRODUCING  A  RESISTIVE  E  FIELD  VANE  IN  THE  CENTER  OF  THE 


SECTION  THROUGH  WHICH 

THE  TE20  M0DE  SHOULD  PROPAGATE  AND 

SIMILARLY  INTRODUCE  A 

RESISTIVE  SLOT  IN  THE  CENTER  OF  THE 

SECTION  THROUGH  WHICH 

THE  TEjq  MODE  SHOULD  PROPAGATE. 

These  resistive  loads 

WOULD  SELECTIVELY  ABSORB  THE  REJECTED 

MODE  IN  EACH  ARM  OF  THE  MODE  TRANSDUCER  ELIMINATING  THE 
REACTIVE  TERMINATIONS  AS  A  CAUSE  OF  REFLECTION.  THESE 
MODIFICATIONS  WOULD  ALSO  IMPROVE  THE  ISOLATION  SINCE  THE 
UNDESIRED  MODE  WOULD  BE  LARGELY  ATTENUATED  BEFORE  REACHING 
THE  REGION  IN  WHICH  IT  IS  NORMALLY  CANCELLEO  OUT.  ALTHOUGH 
THIS  WOULD  MEAN  A  3  D  6  LOSS  IN  COUPLING  OUT  EACH  OF  THE 
MOOES,  IT  WOULD  NOT  CREATE  ANY  PROBLEMS  WHEN  USED  WITH  THE 
MULTIMODE  MICROWAVE  BRIDGE  REFERENCED  IN  FOOTNOTE  1. 
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7.  Conclusions 


While  the  performance  of  the  mode  transducer  was 

ADEQUATE  FOR  USE  AT  A  SINGLE  FREQUENCY  IN  THE  MULTIMODE 
MEASUREMENT  BRIDGE,  THE  FULL  REALIZATION  OF  THE  BANDWIDTH 
CAPABILITIES  INHERENT  IN  THIS  DESIGN  WILL  REQUIRE  ADHERENCE 
TO  EXTREMELY  CLOSE  MANUFACTURING  TOLERANCES.  FOR  EXAMPLE, 

AT  9.375  KMC  FIVE  THOUSANDTHS  OF  AN  INCH  IN  THE  X  BAND 
GUIDE  CORRESPONDS  TO  ONE  DEGREE  OF  PHASE  SHIFT.  THE 
DIFFERENCE  IN  PHASE  SHIFT  BETWEEN  THE  TWO  HALVES  OF  THE 
MODE  TRANSDUCER  SHOULD  BE  HELD  TO  A  FRACTION  OF  A  DEGREE. 

Although  the  reflection  coefficients  were  small  enough 

SO  THAT  SLIDE  SCREW  TUNERS  COULD  BE  USED  TO  ACHIEVE  A  MATCH, 
A  MARKED  IMPROVEMENT  IN  THE  SWR  SHOULD  RESULT  FROM  THE 
MODIFICATIONS  DESCRIBED  IN  SECTION  6. 

This  method  of  mode  conversion  is  capable  of  attaining 

EXCELLENT  ISOLATION  AND  A  LOW  SWR  OVER  A  BROAD  FREQUENCY 
RANGE  PROVIDING  THAT  THE  STRIGENT  REQUIREMENTS  ON  PHYSICAL 
SYMMETRY  CAN  BE  MET. 


27 


<J  8  4  t  j  0  ofw  r  H  V 

N.  I  akcuvi  rz,  .isvtouiot  Handsuoi.,  Vol«  10,  Rad  hat  8  on 
Lao oratory  series,  • '  c  G  «  a  w  -  H  8  l  l  Book  Co. ,  Inc.,  1951. 

C.  G.  Montgomery,  R.  U,  Sic  ye,  E,  M.  Purcell,  Principles 
or  Microwave  Circuits,  Voi.  8,  Radiation  Laboratory 
Series,  McGraw-  ’-I  o  n  Eook  Co.,  Inc.,  1948. 

W.  H.  Kummer,  Measurement  Techniques  for  Multi-Mode 
Systems  and  the  Properties  or  Half-Wave  Slots  in  Two- 
Mode  Rectangular  /aveguides,  University  of  California 
Institute  of  Engineering  Research  Report,  series  No.  00, 
Issue:  No,  135,  April  20,  1955. 


28 


